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Depression and alcoholism, the two most prevalent mental disorders in the United States, are associated with increased morbidity and mortality (1) . Findings from a national comorbidity survey indicate that 17 percent of respondents had a lifetime history of major depression and 10 percent had an episode in the previous 12 months. For alcohol dependency, the corresponding rates were 14 and 7 percent (1). These prevalence rates suggest that these conditions contribute to the national mental health expenditures of $18.15 billion (2) . Recent findings from a 9-year follow-up of the Epidemiologic Catchment Area study in New Haven, Connecticut, indicate that the age-adjusted relative risks of mortality are 2.0 and 1.5 for recent and past major depression, respectively, and 1.8 and 1.5 for recent and past alcohol abuse/dependence, respectively (3) .
The comorbidity of these two disorders has been well documented: There is an approximate 1.5-2.0 increased risk of depression among alcoholics compared with nonalcoholics in major community-based epidemiologic surveys (4) . In addition, this comorbidity is more common in females than in males (5, 6) . Order of onset also appears to be gender related: The multisite Epidemiologic Catchment Area study revealed that among males, alcoholism preceded the onset of depression in the majority of cases (78 percent). Among females, however, depression was usually antecedent (66 percent of cases) (5) . It is important to note, however, that these data were collected retrospectively in a cross-sectional study.
Existing studies that have addressed the comorbidity between major depression and alcoholism have focused on diagnostic-level information (1, 4, 7) . Few studies have assessed the nature of relations between depressive symptoms and problematic alcohol use.
Many individuals in the community may experience depressive symptoms and alcohol problems but appear to be below diagnostic thresholds because their symptoms may be fewer, or less severe, compared with clinical samples. Incorporation of a measure of heavy alcohol use in the definition of alcohol-related problems may identify harmful or problem drinkers in community settings who do not meet criteria for abuse or dependence (8) .
Even fewer studies have examined the depressive symptom-alcohol problem relation using longitudinal data. An investigation by Aneshensel and Huba (9) , evaluating depressive symptoms and alcohol use in a community-based multiwave study over a 1-year time frame, demonstrated modest lagged effects operating in both directions: Depression led to a slight increase in alcohol use in the short term (4 months) only, whereas alcohol use led to slightly higher levels of depression over the long term (12 months) . A more recent meta-analysis by Hartka et al. (10) of eight general-population longitudinal studies found a strong positive relation between initial depression and subsequent alcohol consumption in females. However, replication is of particular concern due to inconsistent and diverse time intervals, measurements, sampling frames, and age groups associated with the latter study. Thus, results from these two reports were mixed. Modest lagged effects appeared to be operating in both directions. Gender-specific findings were also inconclusive.
The purpose of this study was to clarify and extend previous studies by investigating gender differences in the longitudinal relations between depressive symptoms and alcohol problems. A three-wave panel study of a random sample of household adults (aged 19 years or more) provided a unique opportunity to examine gender differences in these relations over a 7-year time frame (n = 1,306). Both shorter-term (3-and 4-year) and longer-term (7-year) effects were examined.
We hypothesized that for females, depressive symptoms predicted subsequent alcohol problems. The bases for this hypothesis included that 1) prevalence and age of onset data indicate that females more than males are affected by depression that begins early in adolescence and persists through the mid-fifties (11, 12) , whereas alcohol problems have a later age of onset for females than for males, and 2) the theory of self-medication implies that females are more likely than males to use alcohol to relieve negative affect or to cope with stressful or traumatic events (13) . For males, we hypothesized that alcohol problems predicted subsequent depressive symptoms. Bases for this hypothesis included that 1) prevalence and age of onset data show that males are more likely to be affected by alcoholism than are females, with age of onset reported to be in late teens or early twenties (14, 15) , and 2) the long-standing clinical observation that males become depressed as they drink over time, as first argued by Mendelson in 1955 (16, 17) .
In addition to investigating causal directions in the relations between depressive symptoms and alcohol problems by gender, this study provided useful information regarding time lags. Most longitudinal studies to date have been based on two waves of data. Time lags may be arbitrarily chosen because there are minimal data regarding informative time intervals. The analytic plan of this study enabled assessment of the utility of several time lags (i.e., 3, 4, and 7 years) to consider when planning future longitudinal studies that address these two prevalent conditions.
MATERIALS AND METHODS Sample
"Stress, Race, and Alcohol Use in a Household Population" is a three-wave panel study of a random sample of household adults (aged 19-85 years) from Erie County, New York. Time 1 (1986) consisted of 1,933 respondents, time 2 (1989) consisted of 1,615 respondents, and time 3 (1993) had 1,427 respondents, 69 of whom were not interviewed at time 2. A random three-stage probability sample consisted of the following stages: US Census blocks (first stage), housing units within selected blocks (second stage), and one adult within each occupied housing unit (third stage). The sample was stratified on race and education to provide approximately equal numbers of blacks and nonblacks, with three levels of education (less than high school graduate, high school graduate, and some college). Response rates were 78 percent for time 1, 84 percent of time 1 respondents for time 2, and 74 percent of time 1 respondents for time 3. Of 318 respondents interviewed at time 1 but not at time 2, 81 had died or were too ill, 88 refused, and 149 had moved or were unavailable or untraceable. Of 257 respondents interviewed at time 2 but not at time 3, 87 had died or were too ill, 66 refused, and 104 had moved or were unavailable or untraceable.
The full study sample included 1,358 respondents who were interviewed at all three time points (70.3 percent of the time 1 sample). The current analysis was based on 1,306 individuals (96 percent of study sample) who had complete data at all three time points: Exclusions were due to response set problems on the depression measure (n = 13) and missing data on outcome measures of interest (n = 39). Data were obtained by 90-minute, face-to-face interviews in respondents' homes using a structured interview sched-ule containing both interviewer-and self-administered portions.
Measures
Depressive symptoms. Depressive symptoms were measured using a modified (from a 1-week to a 1-month time frame) Center for Epidemiologic Studies Depression Scale (CES-D). The CES-D is a 20-item, self-report measure developed for use in general population studies (18) . It rates the presence and severity of depressive symptoms on a four-point scale from 0 (rarely or none of the time (less than 1 day)) to 3 (most or all of the time (5-7 days)); total scale scores range from 0 to 60. The broad applicability (19) (20) (21) as well as validity and reliability (20, (22) (23) (24) of the CES-D are well-established.
A preliminary criterion-related validity study of the 1-month CES-D compared with the standard 1-week CES-D was conducted at time 3. Respondents (n = 1,055) who completed a self-administered 1-month CES-D were asked at the end of the interview to complete a self-administered 1-week CES-D and return it by mail. Internal consistency coefficients were the same (<* = 0.89) for both instruments. Concurrent validity for the two instruments was estimated by the Pearson (0.750) and intraclass (0.727) correlation coefficients. Principal-components analysis with varimax (orthogonal) rotation demonstrated that the factor structure of the modified CES-D almost exactly replicated that of the standard CES-D (20) . It was concluded that the modified CES-D served as an acceptable measure of depressive symptoms. This instrument yielded a slightly higher level of depressive symptomatology when compared with the standard instrument: A score of 18 or more served as the modified CES-D cutpoint. Specific methods and procedures of validation, including cutpoint determination, are described elsewhere (Moscato et al., unpublished manuscript). Respondents Were classified as having a high level of depressive symptoms if their CES-D score was 18 or more or they reported treatment for depression within the previous year.
Alcohol problems. Respondents were classified as having alcohol problems in the previous year if they 1) met Diagnostic and Statistical Manual of Mental Disorders, third edition, criteria for alcohol abuse/dependence in the previous year based on questions from the National Institute of Mental Health Diagnostic Interview Schedule (6, (25) (26) (27) (28) or 2) reported heavy alcohol use, defined as drinking five or more drinks per day at least one to two times per week in the previous year.
Sociodemographic variables. Seven sociodemographic variables were evaluated: age, race, education, marital status, employment, total family income, and number of children living at home. Race was dichotomized as black (including blacks with Hispanic and non-Hispanic origins) or nonblack (all others). Several variables (age, education, total family income, and number of children living at home) were evaluated as both continuous and categorical, while others (marital status, employment, and race) were assessed as categorical. Gender-specific mean value substitution was used for respondents with missing data regarding total family income (10.3 percent) . No other sociodemographic variable had more than four missing responses.
Nonresponse. Nonrespondents were significantly more likely to be male, older, less educated, and unmarried, and they had fewer children when compared with respondents. There were no statistically significant differences between respondents and nonrespondents regarding outcome measures: depressive symptoms, alcohol problems in general, or for its two components (i.e., an alcohol abuse/dependence diagnosis and the heavy alcohol use index). In addition, characteristics of nonrespondents by gender, depressive symptoms, and alcohol problems were examined for time 1 to time 2 and for time 2 to time 3 to determine whether any of these factors were associated with attrition at the subsequent time point. Attrition between waves was associated with gender, as well as with depressive symptoms among both males and females.
Statistical analysis
Logistic regression was the primary analytic tool. An initial cross-sectional analysis evaluated the relation between depressive symptoms and alcohol problems at each time point, providing crude odds ratios based on logistic regression equations. Two logistic regression models were tested to evaluate patterns of relations between depressive symptoms and alcohol problems across time intervals: time 1 to time 2 (3 years), time 2 to time 3 (4 years), and time 1 to time 3 (7 years). Unless otherwise stated, all analyses were gender specific. Wave-specific sociodemographic variables were used in all logistic regression models. Unweighted data are presented. Crude and adjusted odds ratios and their 95 percent confidence intervals are reported. All p values are two-tailed.
Definitions of models: prediction of alcohol problems. We initially considered depressive symptoms as the independent variable and alcohol problems as the dependent variable of interest. An initial crude odds ratio was also derived by entering prior alcohol problems alone in a logistic regression equation predicting subsequent alcohol problems. For the first model evaluating the relation between depressive symptoms and alcohol problems across time (model 1), a crude odds ratio was derived by entering the independent variable in a logistic regression equation predicting the dependent variable at a later time point. This model was tested to evaluate the prediction of alcohol problems only among those respondents who were asymptomatic (without alcohol problems) at a prior time point. In addition, a comprehensive, multivariate model (model 2) was tested, yielding adjusted odds ratios and their 95 percent confidence intervals. This model evaluated the prediction of alcohol problems by prior level of depressive symptoms, while controlling for prior alcohol problems and the seven previously cited sociodemographic variables. For model 2, quadratic terms for both education and total family income were included in all analyses. Results of model chi-square and goodness-of-fit (HosmerLemeshow) tests are provided.
Prediction of depressive symptoms. Subsequently, we considered alcohol problems as the independent variable and depressive symptoms as the dependent variable. A similar analytic approach as outlined above was used.
Test of effect modification by gender. In addition to the above gender-specific analysis, hierarchical logistic regression was used to evaluate interaction effects in the total sample. Main effects were entered at step 1, followed by an interaction term at step 2. The interaction term was tested in the comprehensive logistic regression analysis (model 2). This interaction term was calculated by standardizing gender and the independent variable of interest for each analysis (i.e., depressive symptoms or alcohol problems) and multiplying them together.
RESULTS

Gender-specific analysis
Selected sociodemographic characteristics are summarized in table 1 for male and female respondents at baseline (time 1). Approximately two thirds of the sample was female. Males were significantly more likely to be nonblack, married, and unemployed compared with females. They also reported somewhat higher family incomes and fewer children. Table 2 presents the proportions of respondents with high depressive symptom scores and alcohol problems at each wave. Depressive symptomatology appeared to be stable for both sexes. A higher proportion of females had depressive symptoms at each time point, yielding a consistent female-to-male ratio of approximately 3:2. More than one quarter (28-31 percent) of the females and 18-20 percent of the males had a high level of depressive symptoms at any time point. The proportions of females and males with alcohol problems were also stable, varying from 4 to 5 percent for females and from 17 to 21 percent for males. A higher proportion of males had alcohol problems at each time point, with a consistent male-to-female ratio approximating 4:1. There were statistically significant gender differences for both depressive symptoms and alcohol problems at each time point (p < 0.001).
Initial levels of depressive symptoms significantly predicted subsequent levels of depressive symptoms for both males and females across all (3-, 4-, and 7-year) time intervals {p < 0.001). Similarly, prior alcohol problems predicted subsequent alcohol problems across time. Crude odds ratios for depressive symptoms and alcohol problems tended to drop somewhat over the 7-year time frames as opposed to the 3-year time frames (data not shown). Table 3 summarizes gender-specific crude odds ratios documenting contemporaneous relations between depressive symptoms and alcohol problems by time. All relations were statistically significant for both males and females at each time point. Table 4 presents crude odds ratios (model 1) to evaluate relations between depressive symptoms and alcohol problems across time among respondents asymptomatic regarding the outcome of interest at a prior time point. Depressive symptoms at a prior time point were related to alcohol problems at a later time point among females with no alcohol problems at the prior time point over the 3-year (p < 0.001), 4-year (p < 0.01), and 7-year (p < 0.01) time intervals. No statistically significant relations were observed among males. Table 5 presents results from this study's comprehensive model (model 2), defined by entering the dependent variable in a logistic regression equation with prior depressive symptoms, prior alcohol problems, and the seven previously cited sociodemographic variables. Two statistically significant relations were observed in support of hypothesis 1, that depressive symptoms predicted subsequent alcohol problems among females (hypothesized relations are in italics). For females, depressive symptoms predicted alcohol problems over the 3-year (p < 0.01) and 4-year (p < 0.05) intervals, but not the longest (7-year) interval. The hypothesis that, for males, alcohol problems predicted subsequent depressive symptoms was not supported by the data, when we statistically controlled for the influence of all other variables, including prior depressive symptoms, in the comprehensive model. Table 5 displays p values for a test of effect modification by gender to evaluate further the comprehensive model for the total sample. There was a statistically significant gender difference in the relation of depressive symptoms in the prediction of alcohol problems over the initial 3-year time frame {p < 0.05), but not over 4 or 7 years. As a further evaluation of gender differences in the prediction of alcohol problems, the change in the model chi-square with the addition of the interaction term (depressive symptomsby-gender) for the 3-year time frame was statistically significant (AJC 2 = 5.60, df = 1, p = 0.018). No gender difference was statistically significant when the relations of alcohol problems in the prediction of depressive symptoms were evaluated. 
Effect modification by gender
DISCUSSION
In this study, both the extended periods of observation and large sample size afford the opportunity to investigate the direction, magnitude, statistical significance, and duration (longer term as well as shorter term) of any observed effects in the longitudinal relations between depressive symptoms and alcohol problems by gender.
Prediction of alcohol problems for females
We found evidence to support the first hypothesis, namely that depressive symptoms predicted subsequent alcohol problems among females. There were main effects over 3 and 4 years, but not over 7 years. As a further evaluation of gender differences in the prediction of alcohol problems, the interaction term (depressive symptoms-by-gender) was statistically significant for only the 3-year time frame. Initial depressive symptoms were related to subsequent alcohol problems among females who did not have alcohol problems initially over 3-, 4-, and 7-year time intervals. These findings are consistent with the observed main effects for females.
Present findings are consistent with the short-term effects reported by Aneshensel and Huba (9) and provide additional evidence for the positive relation between initial depression and subsequent alcohol consumption in females reported by Hartka et al. (10) . Thus, our study clarifies and extends previous longitudinal studies by quantifying the direction, magnitude, statistical significance, and duration of this gender-specific effect over a 7-year time frame. Our results for females are also consistent with findings from a multisite, cross-sectional survey (5) . This study provides no evidence that alcohol problems predict depressive symptoms across time for females.
We do not believe that this observed relation between depressive symptoms and alcohol problems for females is artifactual or is the result of study bias. Attrition between time points was associated with gender as well as with depressive symptoms among both males and females, and these differences in attrition would have made it more difficult to observe the hypothesized effects. Thus, our results may provide conservatively biased odds ratio estimates. Because there are mixed effects regarding gender and depressive symptoms across time, it is difficult to estimate the influence of attrition on the magnitude of differences between odds ratios in the total sample for a particular analysis. § Derived by entering the independent variable in a logistic regression equation predicting the dependent variable at a later time point, among respondents who were asymptomatic with respect to the outcome of interest at a prior time point.
D OR, odds ratio; Cl, confidence interval. 
Prediction of depressive symptoms for males
We found no evidence that alcohol problems predicted depressive symptoms across time for males. The relatively small number of males (n = 464) reduced the level of statistical power for this analysis, although it is possible that the nonsignificant findings represent reality. Lack of positive findings in this instance appear to be consistent with a conclusion of investigators from the Collaborative Alcohol-related Longitudinal Project: Patterns of depression and alcohol consumption are more closely related and more complex for females than for males (10) . Present findings for males contrast, however, with results from a multisite, cross-sectional study as previously cited (5) .
Stability of depressive symptoms and stability of alcohol problems. Our finding that females had a higher proportion of depressive symptoms than did males (a consistent ratio of approximately 3:2) at three time points over 7 years replicates findings from previous studies (29) (30) (31) (32) (33) (34) . The proportions of males and females with alcohol problems at each time point, as measured by this investigation, are consistent with common research findings (14) . Our results replicate findings from the few longitudinal studies of the stability of depressive symptoms and alcohol problems across time (9, 10) .
Methodological refinements. The combination of a heavy alcohol use index and a standard diagnosis of alcohol abuse/dependence represents an improvement in the measurement of alcohol problems. The index includes some respondents who fall below a diagnosticlevel threshold, but who have harmful drinking patterns often associated with adverse health outcomes. In addition, the utility of a modified time frame for the standard CES-D was demonstrated.
Logistic regression analyses across various time intervals enabled assessment of the utility of several time lags (i.e., 3, 4, and 7 years) when longitudinal designs were considered. Study findings indicate that time lags of 3 and 4 years may be useful to allow for the development of these conditions. The longest time lag (7 years) went beyond the duration of any observable effect and did not appear to be provide additional information about the relation between these two conditions.
Study limitations. The time points selected for follow-up may not, however, correspond to the natural history of either depressive symptoms or alcohol problems. This study is based on self-report data with no clinical diagnostic evaluation, medical record review, or use of key informants. Age of onset for either condition (i.e., depressive symptoms or alcohol problems) was not assessed. Thus, we were unable to distinguish between an "incidence" case and a recurrent episode as part of a cyclic pattern that may characterize that condition. There may be historical effects, although we are unaware of any historical event or condition that may have affected the study sample during various calendar years that comprise the relevant 3-and 4-year time intervals (1986-1989 and 1989-1993) . It is important, though, that all subjects would have been exposed, although to varying degrees, to any such historical shifts. Despite our efforts, there may be potential design effects for which we were unable to adjust.
The issue of heterogeneity must be addressed, especially with regard to depressive and alcoholic subtypes in the general population. A limitation of logistic regression is that the pattern of relations among variables across more than two time points cannot be simultaneously evaluated.
In conclusion, findings from this three-wave panel study provide a comprehensive analysis of gender differences in the relation between depressive symptoms and alcohol problems in a random sample of household adults (aged 19 years or more) over an extended 7-year time frame (n = 1,306). Few community-based studies have systematically evaluated these two most prevalent mental health problems over time, and gender-specific findings appear to be inconclusive to date. This study clarifies and extends prior investigations in general population samples by quantifying the direction, magnitude, statistical significance, and duration of gender-specific effects in the relation between depressive symptoms and alcohol problems. Subsequent investigations may evaluate other potential etiologic variables (loss events, role strain, physical health status, and social support), as well as evaluate the impact of specific sociodemographic variables, including potential age and race effects. Replication of these initial findings in other community samples is imperative.
